Membrane stabilization during freezing: the role of two natural cryoprotectants, trehalose and proline.
The relative effectiveness of two natural cryoprotectants, proline and trehalose, in preserving membrane structure and function during freezing was studied. Isolated vesicles of sarcoplasmic reticulum (SR) from lobster muscle (Homarus americanus) were employed to study changes in structure and function during rapid freeze-thaw conditions. Both proline and trehalose were shown to effectively preserve the structure (assessed with freeze fracture) and function (assessed by the ability of the membranes to transport calcium) in the frozen vesicles. As a first step toward determining the mechanism of cryoprotection by these compounds, we have investigated their effectiveness in inhibiting freezing induced fusion between phospholipid vesicles. Pamiltoyloleoyl-phosphatidylcholine: phosphatidylserine (85:15 mole ratio) small unilamellar vesicles (SUVs) were made incorporating one of the following fluorescent probes, and energy donor, cholesteryl anthracene-9-carboxylate, or an energy acceptor, nitrobenzo-2-oxa-1,3-diazole phosphatidylethanolamine to investigate the amount of membrane mixing during rapid freeze-thaw cycles, and storage at -20 degrees C. Membrane mixing was measured as an energy transfer from donor to acceptor when donor vesicles and acceptor vesicles were mixed before a particular freezing treatment. Membrane mixing was correlated with structural changes in these membranes by freeze-fracture analysis. Both trehalose and proline were found to be more effective in preventing membrane mixing between SUVs than the standard protectants, glycerol and dimethylsulfoxide.